Uveal melanoma (UM) is the most common primary intraocular malignancy in the Western world.
| I N TR ODU C TI ON
Uveal melanoma (UM) is a relative rare disease and has a high mortality rate due to metastasis in about half of all patients within 15 y after diagnosis. [1] [2] [3] It is the most common primary intra-ocular malignancy in adults in the Western world. 4 UM specific mutations in the alpha subunit genes GNAQ and GNA11 are described as well as mutations in BAP1, SF3B1, and EIF1AX. [5] [6] [7] Mutations in the latter 3 genes are found in 75% of all UM and are useful for prognostication of patients. [8] [9] [10] BAP1-mutated UM gives rise to early-onset metastasis whereas SF3B1-mutated UM gives rise to late-onset metastasis and EIF1AX-mutated UM hardly metastasizes. 8 Mutations in PLCB4 and CYSLTR2
are described in UM in a mutually exclusive manner to GNAQ or GNA11 mutations but so far have not been associated with prognosis. 11, 12 Copy number alterations in chromosomes 1, 3, 6, and 8 are correlated with prognosis of the UM patient. 13 chromosomes or chromosome arms. 15 Besides these recurrent CNVs, also other cytogenetic patterns are described such as polyploidy of the genome, which occurs in 10%-15% of all UM. 16 Another chromosomal anomaly described in UM is chromothripsis. 14 This is a phenomenon in which many genomic rearrangements occurs in a single chromosome or chromosome arm. It has been described in congenital abnormalities, UM and a variety of other cancers such as bone cancer, lung cancer, myelodysplastic syndrome (MDS), colorectal cancer, breast cancer and neuroblastoma. 14, [17] [18] [19] [20] [21] Chromothripsis predicts a poor outcome in skin melanoma and occur in high risk neuroblastoma, breast cancer and MDS. 18, [20] [21] [22] A positive correlation between chromothripsis and progression free survival was observed in metastatic colorectal cancer. 19 The clinical consequence of this phenomenon in UM remains unclear. 14 In this case series we report on chromothripsis in 7/249 UM.
The mechanism of chromothripsis remains elusive but several hypotheses are described such as the formation of micronuclei, premature chromosome compaction (PCC), TP53 mutations and breakagefusion bridge cycles or irradiation. [23] [24] [25] The formation of chromothripsis involving telomere regions and 1 chromosome arm is described and supports the hypothesis that events during the cell cycle are involved in the formation of these chromosomal rearrangements. 26 It is hypothesized that chromothripsis occurs through the formation of micronuclei that arise from lagging chromosomes or chromatid fragments during mitosis. 17, [27] [28] [29] [30] Moreover, these micronuclei are more prone to DNA damage, with subsequently DNA nuclease repair by non-homologous end joining (NHEJ), which could explain the chromosome reshuffling. Segundo, CA). The amount of copy number gains and losses was used to determine the number of fragments. The total fragments were counted including copy number neutral fragments as separate fragments. Table  T1 1 an overview of patient characteristics is listed. For none of these patients was a family history including UM or other related cancers documented.
| Mutation detection

| Tumor characteristics
Six tumors were located in the posterior choroid whereas 1 UM originated from the ciliary body. Mean largest tumor diameter was 13.5 mm (range 9.5-19 mm) and mean tumor thickness 7.5 mm (range 2-12 mm; Table 1 
| D ISC USSION
Recurrent chromosomal aberrations have been described in detail in UM, which are strongly correlated to the mutation status. 15, 33, 34 In this paper, another chromosomal aberration, called chromothripsis, is described. Chromothripsis is characterized by ten to hundreds of chromosome fragments that are shattered and randomly rearranged. 17 This is found in several malignancies with a mean pan-cancer prevalence of 1%-2%. 14, 31, 35 Similar to other malignancies, chromothripsis is also rare in UM. In one study, chromothripsis was observed in 2/25 UM. 14 We detected chromothripsis in 2.8% of the UM which is in line with the low frequency rate as previously described.
A relation between prognosis and chromothripsis has been reported in several studies on different malignancies. In high risk neuroblastoma, breast cancer and MDS, chromothripsis is correlated with a poor outcome while in metastatic colorectal cancer a better progression free-survival has been described. 15, [17] [18] [19] Probably metastases with chromothripsis respond better to therapy while the metastatic rate is higher in cancers harboring chromothripsis. This might be true in UM as well; however, no standardized treatment for metastatic UM is available yet. When such treatment is available it might be interesting to compare the response to therapy in UM with and without Overview of patient and tumor characteristics of uveal melanoma with chromothripsis. The first row of blocks represents the mutation status of GNAQ and GNA11. In UM 5 no mutation in CYSLTR2 was detected and in UM 5 and UM 6 no mutations in PLCB4 were found. In the second row of blocks the mutation status of BAP1 and SF3B1 is given. None of the UM harbor an EIF1AX mutation and UM 3 and UM 6 do not have a mutation in SRSF2. The third row of blocks represents the BAP1 IHC staining. for chromothripsis such as irradiation. 23 In one case, brachytherapy was followed by enucleation. Therefore, the chromothripsis in this UM were found in chromothriptic chromosomes. 38 In this study, 2 of the 7 UM (29%) were polyploid. Since polyploidy occurs in only 11% of all large UM 16 and chromothripsis is a rare event, this could explain the co-occurrence of polyploid UM with chromothripsis. In addition, in our cohort, 7 out of 8 chromothriptic chromosomes harbored more than 2 chromosomes. This observation was also made in the only other study that described 2 cases of UM with chromothripsis. 14 This suggests that chromothripsis occurs in already duplicated chromosomes. Altered chromosomes might even be more susceptible to chromosome lagging, as 50% of the chromosomes with chromothripsis in this study have more than 2 copy number states. 38 Furthermore, chromothripsis can occur in more than 1 chromosome in the same tumor. 17 In our cohort, more than 1 chromosome was affected in 1 tumor. It is noteworthy that the affected chromosomes in this study included chromosomes 3, 6, and 8, since copy number variations in these chromosomes are correlated with mutation status in UM. 15 This is in line with other studies in which chromothripsis occur among known cancer driver genes. 25, 39 Nevertheless, chromothripsis-like patterns across different tumor types showed a limited preference according to chromosome size. However, chromosome 17 was most frequently affected and to a lesser degree chromosomes 8, 11, and 12 in another study. 26 This could be explained by the fact that chromosome 17 also harbors TP53, an important cancer associated gene, which is correlated to chromothripsis as well. To conclude, chromothripsis is a complex event that occurs in a variety of cancers. 14, 18, 20, 25, 26, 40 
